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After initial chemotherapy 26 patients were excluded from simultaneous excision of all their secondary bone lesions as their disease was too advanced. In 12 patients only isolated excision of the primary lesion was possible. For 16 patients simultaneous operations were conducted to excise the primary and secondary lesions. This involved two supplementary sites in 15 patients and four additional sites in one patient. Of these, 15 attained remission but 12 relapsed and died (11 within two years). Three patients remained disease-free at five, six and 17 years. The histological response to pre-operative chemotherapy of the primary and secondary lesions was concordant in 13 of the 16 patients who underwent simultaneous operations at more than one site.
The prognosis for synchronous multifocal osteosarcoma remains poor despite combined chemotherapy and surgery. The homogeneous histological responses in a large proportion of the primary and secondary lesions implies that synchronous multifocal osteosarcoma tumours are not multicentric in origin, but probably represent bone-to-bone metastases from a single tumour.
Multifocal osteosarcoma is a distinct and unusual form of osteosarcoma in which, in addition to a single dominant tumour, other multiple smaller bone lesions are present. When the additional lesions are simultaneously present at diagnosis, the tumour is defined as a synchronous multifocal osteosarcoma. If smaller lesions appear at different intervals after treatment of the dominant lesion the term metachronous multifocal osteosarcoma is applied. 1 Debate about the classification of these tumours (multicentric disease or multiple primary metastases) continues, [2] [3] [4] although the prevailing opinion seems to be that synchronous multifocal osteosarcoma represents only one extreme of a vast spectrum of metastatic osteosarcoma. [5] [6] [7] In osteosarcoma of the extremities, adjuvant and neoadjuvant chemotherapy combined with surgery has dramatically improved the prognosis in patients with non-metastatic disease, [8] [9] [10] [11] [12] and to a lesser extent has also improved the outcome of patients with lung metastases at presentation. [13] [14] [15] [16] In contrast, in synchronous multifocal osteosarcoma the role of chemotherapy combined with surgery at more than one site has not been investigated in a large series.
We report the results in 42 patients with synchronous multifocal osteosarcoma treated between 1986 and 2002 with two different protocols of neoadjuvant chemotherapy. The results of 23 of these patients, which have been previously reported, 17, 18 are updated.
Patients and Methods
From the 1154 cases of osteosarcoma treated at our institution between 1986 and 2002, 43 patients (3.6%) had tumours of the extremities with bone metastases at presentation. Of these patients 17 also had lung metastases. One patient with lung metastases was transferred to another hospital for treatment, and the remaining 42 were treated according to the following protocol: primary chemotherapy, restaging, surgery (when feasible) on all neoplastic foci and adjuvant chemotherapy. 19 and classifying the tumour as classic, telangiectatic or small cell. On the basis of predominant cells and intercellular material, classic osteosarcoma was subclassified as osteoblastic, fibroblastic or chondroblastic. When two of the different types of osteoid, cartilage and fibrous tissue were present in almost the same proportions, the tumour was classified as conventional mixed osteosarcoma. Pre-operative evaluation. The primary tumour was evaluated with standard radiographs, CT and technetium-99MDP bone scans. Approximately half also underwent MR scanning. Bone metastases were investigated by total body scans. If this examination revealed other bone neoplastic foci, these were confirmed by CT and/or MRI. A CT scan of the chest was performed in order to exclude lung metastases. All these tests were repeated after the initial chemotherapy. Chemotherapy. This was performed according to two different protocols (IOR/OS-4 and IOR/OS-5), reported in detail elsewhere 20, 21 and summarised in Table I . Haematopoietic, renal and liver function was strictly monitored. No dose reduction was accepted by the protocols. If the white blood cell count was less than 1 x 10 9 /l and/or the platelet count less than 100 x 10 9 /l before each planned cycle of chemotherapy, treatment was delayed until the blood count had recovered. Surgery and evaluation of response to chemotherapy. When feasible, surgery of the primary and secondary bone lesions was programmed according to location and extension of the tumour and/or the involvement of neurovascular structures. For the primary tumour surgical treatment was amputation, rotationplasty or limb salvage. When undertaking limb-salvage procedures, we either used a prosthesis or a vascularised fibula graft, combined with either allograft or autograft. The surgical treatment of secondary bone tumours depended on the site and extent of the tumour. Accordingly, either resection, limb salvage or amputation was performed.
After surgery, the surgeons and pathologists reviewed the gross specimens together to determine the surgical margins according to Enneking's classification. 22 The response to pre-operative chemotherapy of the primary and secondary tumours was graded as good (90% or more tumour necrosis) or poor (less than 90% tumour necrosis), as described by Picci et al.
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Post-relapse treatment and outcome. Treatment for metastatic lesions and/or local recurrence in relapsed patients was not standardised, but performed on an individual basis according to the location, the number of recurrences and disease-free interval. None the less, the key point of treatment was generally complete excision of metastases and/or local recurrence whenever possible. Follow-up procedures. During treatment and after finishing chemotherapy the patients were reviewed every two months for five years for metastases or local recurrence. 20 They were reviewed for five years at intervals previously reported. 20 Subsequent information was obtained by telephone interview. Statistical analysis. The main focus of this study was eventfree survival. Recurrence, and death from toxicity were considered to be adverse effects. Overall survival was also studied, although the data should be considered with caution because we do not know the exact treatment received by patients who were moved to another hospital for any part of their treatment. For the patients in remission, event-free survival was calculated from the first day of pre-operative chemotherapy to the first adverse event or to the most recent follow-up examination. Overall survival was calculated from the first day of chemotherapy until death, or the last follow-up. The Kaplan-Meier method was used to calculate survival curves and the log-rank test was used to compare the results.
Results
The demographic data of the 42 patients studied are summarised in Table II . In 40 patients the symptoms were related to the primary tumour, with the other asymptomatic bone lesions only detected during staging procedures. Only two patients, both with spinal secondary lesions, were symptomatic at presentation. Serum alkaline phosphatase was normal in only five patients and raised in 37. The mean volume of the primary tumour was 516 ml (178 to 1200). The mean time between onset of symptoms and final diagnosis was 1.9 months (1 to 7). Number and site of secondary bone lesions. The total number of secondary bone lesions was 117 with a mean per patient of 2.8 (1 to 6). The absolute numbers are shown in Table II . The sites of these secondary lesions were the spine (26), ribs (25) , pelvis (25) , other extremity bones (27) , scapula (7), clavicle (3), sternum (2) and skull (2) . In all but the two symptomatic patients, the bone lesions were detected by bone scanning and confirmed by CT and/or MRI. Of the 117 bone lesions 94 were also evident on plain radiographs.
Clinical, radiological and laboratory response to primary chemotherapy. Following the pre-operative chemotherapy in 38 patients there was an improvement in pain, a reduction in swelling around the primary tumour and an increase in available movement where it had been previously restricted. Radiologically, in 32 patients the primary tumour increased in density, with better definition of its margins following the first course of chemotherapy. In six patients a reduction in tumour size of 10% to 20% was also observed. In six patients no significant changes were seen, and in four the tumour progressed. No significant radiological changes were seen in synchronous bone lesions, but an increased radiodensity was observed in 55% of secondary foci.
In the 15 patients who also had lung metastases these resolved in two patients and in eight they reduced in size by 20% to 70%. In three patients they remained unchanged, and in two they progressed during pre-operative treatment. Generally the lung metastases remained increased in density. A lung metastasis emerged during the pre-operative chemotherapy in one patient who had only had bone lesions at initial presentation.
Of the 37 patients with raised serum alkaline phosphatase levels it returned to normal in 20 and was lowered in the remaining 17 even when local or systemic progression continued during the pre-operative treatment. Surgical treatment. The type of surgery for the primary lesions as well as the number of operated secondary foci are shown in Table III . In 26 patients, even after the induction chemotherapy, it was not possible to operate on all the secondary tumour sites involved (including lung metastases). In 12 patients with inoperable secondary lesions only the primary lesion was operated on, with amputation being the 24 7
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THE JOURNAL OF BONE AND JOINT SURGERY only option in three cases with large ulcerating tumours that had failed to respond to chemotherapy. Limb salvage was performed in eight patients (five with prostheses and three with a vascularised fibular graft with allograft and autograft) and rotationplasty in one. The remaining 16 patients underwent simultaneous operations on more than one bone. In 15 patients this involved two bones and in one patient four bones. Three of the 15 patients who received simultaneous operations on two bones had wedge resection of one, three and five metastatic nodules involving their lungs, under the same anaesthetic. Of these 16 patients, 15 had complete remission, but in the remaining patient it was not possible to remove all the metastatic pulmonary nodules. This patient and those not suitable for operative treatment following the pre-operative chemotherapy were transferred to other institutions, where they were treated with radiotherapy, other chemotherapy or palliative therapy only. All these patients died at a mean of 8 months (4 to 19) after the diagnosis was established. Therefore, of the 42 patients who entered the study, only 15 reached disease-free status, and 27 never entered remission. Histological response to pre-operative chemotherapy. The histological response to pre-operative chemotherapy of the 28 primary tumours operated on was good in ten patients and poor in 18. In the 19 secondary lesions which were excised the histological response to chemotherapy was good in eight and poor in 11. Of the 16 patients who had combined resection of primary and secondary lesions the histological response was good at both sites in five patients, poor at both sites in eight, and good at the primary site but poor at the secondary site in three. In summary, there was concordance of response between the primary and secondary lesions in 13 of 16 cases. The patient who had combined resection of three secondary lesions had a good histological response at all sites. Outcome of patients in remission. Of the 15 patients who entered remission, three have remained free of disease at five, seven and 17 years after treatment. These three patients, aged eight, 12 and 12 years old at diagnosis, had only two sites involved (femur-rib, femur-contralateral tibia, humerus-rib). Their primary tumours were treated by limb salvage with wide resection margins and had a good histological response to chemotherapy. At presentation their alkaline phosphatase level was normal in one case and raised in two. Two of these patients were treated with the IOR/OS-5 protocol and one with the IOR/OS-4 protocol.
The remaining 12 patients relapsed at a mean of 15.4 months (3 to 60) after surgery. The first relapses were new bone metastases in four cases, lung metastases in two, bone metastases and local recurrence in three, and lung and bone metastases in three. Of these patients, despite further treatment, ten died from the consequences of the tumour and two from toxicity of the second-line chemotherapy. The mean interval between surgery and death in these patients was 23 months (9 to 72).
As shown in Table II , the favourable factors for eventfree survival were the number of additional bone lesions and, to a lesser extent, the male gender.
Discussion
Synchronous multifocal osteosarcoma, originally described by Silverman in 1936, 24 is a rare variety of osteosarcoma with multiple skeletal sites involved at presentation. Usually patients have pain and swelling in only one site (dominant lesion), whereas other bone locations (secondary lesions) are asymptomatic and found only during initial investigation with bone scintigraphy. Radiological examination generally shows a large, principal lesion similar to classic radiolucent osteosarcoma, associated with other smaller bone lesions scattered throughout the skeleton.
Various classifications of synchronous multifocal osteosarcoma have been proposed, 2, 5, 25 and whether it represents an early bone-seeking metastatic spread or a tumour with multicentric origin is still debated. The reported incidence of synchronous multifocal osteosarcoma ranges from 0.4% 26 to 4.2%. 4 In our series the incidence was 3.4% (2.2% excluding patients who also had lung metastases).
Synchronous multifocal osteosarcoma has been generally considered fatal within a few months, 1, 27 but this information hails from the pre-chemotherapy era. In osteosarcoma of the extremities without detectable metastases at presentation, combined chemotherapy and surgery has been thoroughly studied and shown to improve the success of treatment to 60% to 70%, compared to 10% to 20% in patients treated by surgery alone. [8] [9] [10] [11] [12] Additionally, in patients with pulmonary metastases at presentation [13] [14] [15] [16] and those with localised disease who develop isolated lung metastases after adjuvant or neoadjuvant treatment, 28 resection of the pulmonary metastases with or without second-line chemotherapy has led to a cure rate of about 25% and a five-year overall survival of 50%.
In synchronous multifocal osteosarcoma the role of chemotherapy combined with surgery has not been investigated in a large series. Our results indicate that the prognosis for synchronous multifocal osteosarcoma remains extremely poor, despite combined chemotherapy and surgery. Only three of our patients remained free of disease for five or more years, whereas the rest died, 35 (83%) within two years of diagnosis.
It remains unclear whether synchronous multifocal osteosarcoma is a real multicentric tumour or the simple expression of an aggressive tumour with early systemic bone dissemination. In neoadjuvant treatment of nonmetastatic osteosarcoma of the extremities the histological response to chemotherapy is strictly correlated to prognosis. [8] [9] [10] [11] [12] 16, 17 It is possible that the primary tumour and undetectable micrometastases share cells with the same chemosensitivity. In our study 13 of 16 patients who had simultaneous operations on two or more bones had the same histological response (good/good or poor/poor) for both the primary and the secondary lesions. This implies that the primary and secondary tumours have the same chemosensitivity and supports the theory that different bone lesions in synchronous multifocal osteosarcoma are not multicentric in origin but are more likely bone-to-bone metastases of a single tumour.
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